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L INVENTION TITLE 

Laser Engraving Method and Device 

2. CLAIM 

(1) A laser engraving method, wherein the laser output setting signal which 
sets the peak value of the laser oscillator's output laser is controlled by the output signal 
of a sensor which detects the design on said engraving original plate, and the frequency 
and its duty are controlled by a settable pulse signal, so that a pulse-like laser is output 
from said laser oscillator when engraving an item being processed by a laser according 
to an engraving original plate. 

(2) A laser engraving device, wherein it is equipped with a laser oscillator, 
and engraving means which irradiate and engrave the item being processed with a laser 
beam from this laser oscillator, and a laser output setter which outputs a signal to set the 
peak value of said laser oscillator's output laser, and a sensor which detects the design 
on the engraving original plate, and a pulse generator whose frequency and duty can be 
set, and a laser output setting signal control means which controls the output signal of 
said laser ou^ut setter according to output pulse signals from said pulse generator and 
output signals from said sensor so as to irradiate said item being processed with a 
stabilized-output beam according to the engraving original plate. 
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3. DETAILED EXPLANATION OF THE INVENTION 
INDUSTRIAL FIELD OF APPLICATION 

The present invention relates to a method and device for laser engraving which 
uses a laser as the energy source and engraves the item being processed according to an 
engraving original plate. 

PRIOR ART 

FIG. 14 is a structural drawing of a conventional laser engraving device which 
engraves the item being processed according to an engraving original plate which could 
be a printed object, for example. In the drawing, (4) is a laser oscillator; (1) is a laser 
output setter which sets the peak value of the output laser from the above-noted laser 
oscillator (4); (2) is an optical sensor which detects the light and dark pattm of the 
aigraving original plate (9), which is could be a printed object, for example; and (3) is 
a switching means provided between the above-noted laser output setter (1) and the 
above-noted laser oscillator (4), The output signal of the above-noted optical sensor (2) 
is input to control terminal (3a) of this switching means (3), which goes on or off 
according to fliis signal. (5) is engraving means which irradiates and engraves the item 
being processed (8) with a laser (L) according to an engraving original plate (9). (5) 
includes bending mirror (6), which deflects the laser (L) from the above-noted laser 
oscillator (4); working head (7), which focuses and irradiates the laser (L) onto the 
above-noted item being processed (8); and the above-noted item being processed (8) and 
engraving original plate (9); 

it also consists of working table (13), which is equipped with drive means (10) and (11) 
which hold the relative positions of (8) and (9) in a fixed relationship and cause them to 
move in the XY coordinate plane. 
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Next we will explain the operation. Laser output setter (l)'s output signal (Aj) 
is first set to a specified signal so that laser oscillator (4) outputs laser (L) strong mough 
to engrave the item being processed (8) according to the engraving original plate (9). 
When drive means (10) and (11) are driven by a control apparatus (not shown in the 
drawing) and the working table (12), upon which are positioned the above-noted item 
being processed (8) and the engraving original plate (9), is moved here and there in the 
XY coordinate plane, optical sensor (2) identifies light and dark (for example, white and 
black) in the design on the engraving original plate (9) as shown in FIG. 15a, and outputs 
a detection signal (Cj) which is at a high level where the design is black and is at a low 
level where the design is white, as shown in FIG. 15b. This detection signal (C^) is 
input to control terminal (3a) of switch means (3), and this switch means (3) is set ON 
whMi a high level signal is input and is set OFF when a low level signal is input, so the 
above-noted laser output setter (l)'s output signal (A^) is controlled by the above-noted 
switch means (3) as shown in HQ. 15c, and is input to laser oscillator (4) as laser ou^ut 
setting signal (A2). Then the laser oscillator (4) outputs laser (L) with peak value and 
duration corresponding to the above-noted laser output setting signal (A2), and this laser 
(L) goes via bending mirror (6) and working head (7) and is focused and irradiated on 
the above-noted item being processed (8). As a result, the item being processed (8) is 
engraved according to the above-noted engraving original plate (9), as shown in FIO. 
15e, and has the same design as where the engraving original plate (9) is black. 

PROBLEMS THAT THE INVENTION ATTEMPTS TO SOLVE 

In a conventional laser engraving device structured as noted above, somedmes the 
item bdng processed (8) is for example wood, leather, plastic, etc. and the depth of the 
engraving is relatively shallow and the required laser energy is very small in comparison 
to the laser oscillator (4)'s rated output. In such cases the above-noted laser oscillator 
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(4) must be set to and operate at the low output position Bp which is near the laser 
output threshold point Bq in the laser output characteristics graph shown in FIG. 3. But 
when it operates in this kind of situation the laser output becomes very unstable, as 
shown in FIG. ISc, and it is difficult to do engraving with a uniform depth and a shallow 
depth. This is a problem. 

The present invention was created to solve the sort of problem noted above, so 
its object is to provide a laser engraving method and laser engraving device that can 
engrave with uniform depth and shallow depth even when the required output laser 
energy is very small in comparison to the rated output of the laser oscillator. 

MEANS OF SOLVING THE PROBLEMS 

The laser engraving method related to the first invention is one in which the laser 
ou^ut setting signal which sets the peak value of the laser oscillator's output laser is 
controlled by the output signal of a sensor which detects the design on the above^noted 
^graving original plate, and the frequmcy and its duty are controlled by a settable pulse 
signal, so that a pulse-like laser is output from the above-noted laser oscillator when 
engraving an item being processed by a laser according to an engraving original plate. 

The laser engraving device related to the second invention is one which is 
equipped with a laser oscillator, and engraving means which irradiate and engrave the 
item being processed witfi a las^ beam from this laser oscillator, and a laser output setter 
which outputs a signal to set the peak value of said laser oscillator's output laser, and a 
sensor which detects the design on the engraving original plate, and a pulse generator 
whose frequency and duty can be set, and a laser output setting signal control means 
which controls the output signal of said laser output setter according to output pulse 
signals from said pulse generator and output signals from said sensor so as to irradiate 
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said item being processed with a stabilized-output beam according to the engraving 
original plate. 

OPERATION 

The laser output setting signal in the first invention is set to output a value at 
which the las^ oscillator ou^uts a stabilized laser, and is controlled by the ou^ut signal 
from the sensor which detects the design on the engraving original plate, and is 
controlled by pulse signals set to have a relatively high frequency and relatively short 
duty, and is input to the above-noted laser oscillator. So the laser oscillator outputs a 
stabilized pulse-like laser with small average energy and high peak value, and the item 
being processed is engraved by irradiation with this pulse-like laser according to the 
above-noted engraving original plate. 

Tht laser output setter in the second invention outputs a laser output setting signal 
which is set so that the laser oscillator outputs a stabilized laser. The laser setting signal 
control means inputs the output signal from the sensor which detects the engraving 
original plate's design and the output pulse signals whose pulse generator frequency and 
duty have been set to the desired values as control signals, and controls the above-noted 
laser output setting signal, and inputs it to the above-noted laser oscillator. So the laser 
oscillator outputs a stabilized pulse-like laser beam whose average laser energy value is 
small enough and whose peak value is large. Irradiation with this pulse-like laser 
engraves the item being processed according to the engraving original plate. 

WORKING EXAMPLES OF THE INVENTION 

Next we will explain working examples of these inventions with drawings. FIG. 
1 is a structural drawing of a laser engraving device. In the drawing, (1) ~ (12) are the 
same items as in a conventional device so they are rq)resented by the same codes as in 
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the conventional device shown in FIG, 14. (15) is a pulse oscillator which can fredy set 
the frequency and duty of the output pulse signal (C2) according to input signals from 
the duty setter (13) and the frequency setter (14). (16) is an AND circuit which receives 
as input the output pulse signal (C2) ^ pulse oscillator 15 and the output detection 
signal (Cj) from the optical sensor (2). (3) is switch means, with control terminal (3a), 
forming the laser output setting signal control means. The output pulse signal (C3) from 
the above»noted AND circuit (16) is input to the above-noted control terminal (3a), and 
the laser output setting signal (A^) output from the above-noted laser output setter (1) is 
input to the above-noted laser oscillator (4) via the above-noted switch means (3), 

Next we will explain the operation. As with the case of the conventional device 
shown in FIG. 14, the optical sensor (2) irradiates the surface of the engraving original 
plate (9), which is for example a printed object, using a semiconductor laser for 
measurement, and identifies differences in light and dark-for example, white and black- 
in the design on the above-noted engraving original plate (9) using variations in 
reflectivity as shown in FIG. 2a, for example, and outputs the detection signal (C^) 
which is at a high level where the above-noted engraving original plate (9) is black and 
is at a low level where it is white, as shown in FIG. 2b. Meanwhile, pulse oscillator 
(15) is appropriately set by duty setter (13) and frequency setter (14), so it outputs the 
desired high-frequency pulse signal (C2), which has a relatively high frequency and 
relatively short duty, as shown in FIG. 2c, The AND circuit (16) inputs the two above- 
noted signals (C^) and (C2) and outputs their logic signal (C3); this signal (Cj) is input 
at the control terminal (3a) of switch means (3), and this switch means (3) is controlled 
ON or OFF according to the above-noted pulse signal being ON or OFF. Consequently, 
the las^ (L) ou^ut from the above-noted laser oscillator (4) is one which has the same 
frequency and duty as the output signal of the above-noted AND circuit (16) as a result 
of the laser output setdng signal (A2) [sic] input to the laser oscillator (4) from the laser 
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output setter (1) via this switch means (3) and the input of this signal (A2)» as shown in 
FIG. 2d. As a result, this ou^ut laser (L) has a small average energy and a peak value 
which is set to a stable output region adequately separated from threshold point Bq, such 
as point B2, for example, with the laser output characteristics shown in FIG. 3; 
a pulse*like laser with low average value and high repetition--which is to say, high 
frequency«to enable stable and smooth processing with a uniform engraving depth is 
provided to engrave the item being processed (8). Furthermore, as in the conventional 
example shown in FIG. 14, the relative positions of the above-noted item being processed 
(8) and the engraving original plate (9) are fixed and positioned atop the working table 
(12), and are driven h^ and there on the above-noted working table (12) by drive means 
(10) and (11), and the above-noted item being processed (8) is engraved according to the 
engraving original plate (9). As a result, as shown in FIG. 2e, engraving with uniform 
depth and relatively shallow depth is performed, even when the item being processed (8) 
requires very little laser energy for processing in relation to the rated output for the 
above-noted laser oscillator (4), as in the case of original materials such as wood, 
leather, plastic, etc. As can be seen from comparing the above-noted FIG. 2a and FIG. 
2e, the black portions of the design in the above-noted engraving original plate (9) are 
engraved on the above-noted item being processed (8), and the item being processed (8) 
is used as a "mold** for injection molding of the same-shaped object as the above-noted 
engraving original plate (9). 

FIG, 4 is a different working example. The point which differs from the working 
example shown in FIG. 1 is that an inverter (17) is inserted between the optical sensor 
(2) and the AND circuit (16), and the high level of the output detection signal (C^) .from 
the optical sensor (2) is inverted and input to the AND circuit (16), In the case of the 
working example shown in FIG. 1, the black portions of the engraving original plate (9) 
were engraved and became hollows on the item being processed (8), as shown in FIG, 
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2e, but as a result of this change in the working example shown in FIG. 4, the white 
portions of the engraving original plate (9) were engraved and became hollows on the 
item being processed (8), as shown in FIG. 2f. That is to say, the black portions became 
projections. 

Also, if the optical sensor (2) is equipped with a terminal to output an inverted 
signal in addition to a terminal to output a detection signal which is high or low 
according to the engraving original plate (9)'s dark or light, it is possible to not insert 
the inverter (17) shown in FIG. 4 and to select the engravings shown in FIG. 2e and 
FIG. 2f by switching between the two signal output terminals of the above-noted optical 
sensor (2). 

FIG. 5 is a different working example. Points which differ from the working 
example shown in FIG. 1 are that instead of the AND circuit (16), a second switch 
means (18) is connected in series with the first switch means (3), and the output detection 
signal iCi) from the optical sensor (2) is connected to the control terminal (3a) of the 
above-noted first switch means (3) and the output signal (C^ of the pulse generator (IS) 
is connected to the above-noted second switch means (18). This produces the same effect 
as the working example shown in FIG. 1. 

FIG. 6 is a different working example. Points which differ from the working 
example shown in FIG. 1 are that instead of an engraving original plate (9) like a printed 
object, it is replaced by an engraving original plate (9a) in which the design element is 
a flat projection portion whose tops are all of the same height, and instead of the optical 
sensor (2) identifying differences in light and dark on a flat surface, it is replaced by an 
optical displacement sensor (2a) which judges the flat projection portion of the above- 
noted engraving original plate (9a) and ou^uts a high/low binary signal. In this working 
example, the above-noted optical displacement sensor (2a) outputs a high or low level 
detection signal (C^), as shown in FIG. 7b, which corresponds to the profile of the 
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above-noted engraving original plate (9a), i.e. high or low as shown in FIG. 7a, and this 
signal (Cj) is input to one input terminal of the AND circuit (16). The other input 
terminal of the AND circuit (16) inputs the output pulse signal (C^ from the pulse 
generator (15), as shown in FIG. 7c, so through the same sort of operation as in the 
working example shown in FIG. 1, a high-frequency pulse-like laser (L) is output from 
the laser oscillator (4), as shown in FIG. 7d. Focusing and irradiating this on the item 
being processed (8) means that the profile of the design of the above-noted engraving 
original plate (9a) is inversely engraved as shown in FIG. 7e. That is, the item being 
processed (8) is engraved as a "mold"* for injection molding of the same-shaped object 
as the engraving original plate (9a). 

Also in HG. 6, inserting an inverter (not shown in drawing) between the optical 
displacement sensor (2a) and the AND circuit (16)'s input terminal and inputting an 
inversion of the above-noted optical displacement sensor (2a)'s ou^ut signal (Cj) to the 
AND circuit (16) results in the opposite case from the working example shown in FIG. 
6. The item being processed (8) is engraved so that it has the same profile as the 
engraving original plate (9a); the flat portions of the engraving original plate (9a) are 
engraved and become hollows. 

FIG. 8 is a different working example. Instead of an engraving original plate (9a) 
which is a flat projection portion whose tops are all of the same height, as shown in HG. 
6, it is replaced by engraving original plate (9b), whose surface projection is a curved 
surface, and instead of an optical displacement sensor (2a) which outputs a simple 
high/low (deep/shallow) binary signal, it is replaced by an optical displacement sensor 
(2b) which linearly measures and outputs the variation in the height of the curved surface 
projections of the above-noted engraving original plate (9b). Also, the laser output 
setting signal control means, in addition to the switch means (3) shown in the working 
example in FIG. 6, consists of an adder (20) connected in series with this switch means 
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(3). One of the two input terminals of this adder (20) receives output signal (Aj) from 
the laser output setter (1), and the other input terminal receives the output signal (Cj) 
from the above-noted optical displacement sensor (2b) via indexer (19), where it is 
divided at the specified ratio by the indexer (19) and input. The above-noted adder 
(20) 's ou^ut signal (A2), which is the additive value of the above-noted two input 
signals, is input to the above-noted switch means (3). Meanwhile, the output signal (C^ 
of the pulse generator (19) is input to the control terminal (3a) of the switch means (3). 
Consequently, when the shape of the cross-section of the above-noted engraving original 
plate (9b) is as shown in FIG. 9a, the above-noted optical displacement sensor (2b) 
ouQ)uts detection signal (Cj) as shown in FIG. 9b, and this signal (? ) is input to the 
adder (20) via the indexer (19) and at the adder (20) is added to the signal (Aj) from the 
laser ou^ut setter (1), so the adder (20)'s output signal (A3) takes the waveform shown 
in FIG. 9b, and is input to the above-noted switch means (3), and is controlled ON or 
OFF at the switch means (3) by the pulse generator (15)' s ou^ut signal (Cj) as shown 
in FIG. 9c, and is input to the above-noted laser oscillator (4). As a result, this laser 
oscillator (4) outputs a high-frequency pulse-like laser (L) whose peak value changes 
according to the profile of the above-noted engraving original plate (9b), as shown in 
FIG. 9d, and the item being processed (8) is engraved inversely to the profile of the 
engraving original plate (9b), as shown in FIG. 9e. That is, the item being processed 
(8) is engraved as a "mold** for injection molding of the same-shaped object as the 
engraving original plate (9b)* 

FIG. 10 is a different working example. A pdnt which differs from the working 
example shown in FIG. 8 is that an inversion amplifiw (21) is inserted between the 
optical displacement sensor (2b) and the indexer (19) in the working example shown in 
FIG. 8. The polarity of the ou^ut signal (C^) from the above-noted optical displacement 
sensor (2b) is inverted by the above-noted inversion amplifier (21), and is input to the 
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adder (20) via the indexer (19); as a result, the above-noted item being processed (8) is 
engraved with the same shape as the engraving original plate (9b), as shown in FIG, 9f. 

FIG. 11 is a different working example which resembles the working example 
shown in FIG, 8. In the drawing, (22) is a coniparator which outputs a binary signal 
(C4); this signal is always high level when the input signal from the optical displacement 
sensor (2b) is at or above a specified level, and is low level when the input signal does 
not meet the specified levd. This fflgnal (C4) controls the switch means (3) via the AND 
circuit (16), so the output laser from the laser oscillator (4) can be turned ON or OFF 
very precisely when the edge region of the engraving original plate (not shown in 
drawing) is detected, producing [illegible] effective engraving which is same or better 
than the working ^cample shown in FIG. 8. 

FIG. 12 is a different working example which resembles the working example 
shown in FIG. 11. The adder (20) is inserted between the duty setter (13) and the pulse 
generator (15), and the output signal (Cj) from the optical displacement sensor (2b) 
passes through the indexer (19) and is added to the output signal of the above-noted duty 
setter (13) at the above-noted adder (20) and is input to the above-noted pulse generator 
(15), so the high-frequency pulse-like laser output by the laser oscillator (4) has a 
constant peak value, and the pulse duty increases or decreases according to the profile 
of the design of the engraving original plate (not shown in drawing), and the average 
energy value varies, thereby produdng the same effect, as shown in FIG. 9e, on the item 
being processed (not shown in drawing) as the working example shown in FIG. 11. 

FIG. 13 is a different working example. Points which differ from the working 
example shown in FIG. 1 are that engraving means (5a) consists of a drum (23), which 
is rotated by drive means (24), and a structure (25), which mounts the optical sensor (2) 
and the working head (7) and which is driven here and there by drive means (26). Also, 
the engraving original plate (9), which may be a printed object, and the item being 
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processed (8), which may be leather or the like, are wrapped around and positioned on 
the above-noted drum (23). The above-noted drum (23) is caused to rotate by the drive 
means (24), and the above-noted structure (25) is driven here and there by its drive 
means (26), and as in the case of the working example shown in FIG. 1, the above-noted 
item being processed (8) is engraved according to the above-noted engraving original 
plate (9). If an inverter (not shown in drawing) is inserted between the above-noted 
optical sensor (2) and the AND circuit (10), it is engraved as shown in FIG. 2e. If the 
output signal (Cj) of the above-noted optical sensor (2) is input to the above-noted AND 
circuit (10) as an inverted signal, it is engraved as shown in FIG. 2f. 

In the working examples shown in the above-noted FIG. 8 and FIG. 10- 12 the 
optical displacement sensor (2b) was used to measure the height of the curve of the 
projections on the engraving original plate (9b), and the working example shown in FIG. 
6 used an optical displacement sensor (2a) to output a high/low binary signal to identify 
the projections on the engraving original plate (9a), but the engraving height 
measurement sensors for these various engraving original plates (9a) and (9b) do not have 
to be limited to the optical displacement sensors (2a) and (2b). If the above-noted 
engraving original plates (9a) and (9b) are metal, an electrostatic displacement sensor 
may be used, and if they are a magnetic material, a magnetic displacement sensor may 
be used. 

EFFECTS OF THE INVENTION 

As shown above, this invention is constituted to perform laser engraving using a 
pulserlike laser whose duty and frequency can be set, thereby making it possible to 
generate a stabilized laser and produce the effects of uniform depth and shallow depth 
engraving even when the item being processed needs relatively little laser output 
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compared to the rated output of the laser oscillator, as in the case of wood, leather, 
plastic, etc. 

4, BRIEF EXPLANATION OF DRAWINGS 

FIG. 1 is a structural drawing of a laser engraving device according to one 
working example of this invention. FIG. 2 is a drawing to explain the operation of the 
las^ engraving device shown in FIG. 1. HG. 3 is a diagram showing the characteristics 
of the laser oscillator, FIG. 4 and FIG. 5 are circuit block diagrams showing variants 
of the laser output adjustment circuit in FIG. 1. FIG. 6, FIG. 8, FIG. 10 and FIG. 13 
are structural drawings of laser engraving devices additionally showing other separate 
working examples of this invention. FIG. 7 is a drawing to explain the operation of the 
laser engraving device shown in FIG. 6. FIG. 9 is a drawing to explain the operation 
of the laser engraving devices shown in FIG. 8 and FIG. 10. FIG. 11 and FIG. 12 are 
circuit block diagrams showing variants of the laser output adjustment circuit in FIG. 10. 
FIG. 14 is a structural drawing of a conventional laser engraving device. FIG. 15 is a 
drawing to explain the operation of the laser engraving device shown in FIG. 14. 

In the drawings, (1) is a laser ou^ut setter, (2) is an optical sensor, (3) is a 
switching means consisting of a laser ou^ut setting signal control means, (4) is a las^ 
oscillator, (S) is engraving means, (8) is an item being processed, (9) is an engraving 
original plate, (13) is a duty setter, (14) is a frequency setter, (15) is a pulse oscillator, 
and (16) is an AND circuit. 

In the drawings, the same codes indicate the same or equivalent components. 

FIG. 1 

[numbered items are same as above] 



FIG. 2 



Deft to right] white, black, white, black 



FIG. 3 

X axis: Discharge power 
y axis: Laser output 

FIG. 4 

HG. 5 

HG. 6 

HG. 7 

[left to right] low, high, low, high, low 

HG. 8 

HG. 9 

FIG. 10 

FIG. 11 

HG. 12 

HG. 13 

HG. 14 

HG. 15 

[left to light] white, black, white, black, white 
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^mt^-t^^y y i 9 -(6) t , Jiseaxraxtots)-^ 

«r U-t:j:Be«;!roX%;(8)<!:l^miRJEW)*RU7t»DX 
-bi^1^-{2)tt« 1 5 Ha fC^-^-CTfc ftl^ftlJRJKW) 

(3) 

, to J: 5 ft tit SSTiHg'^- & i . u-ifffl 

u-inc i 9i^«iii8(«R*cft^>-ca;DDXteKj^a-f 



»Bfl¥ 1-95885(2) 
a«iot ft ff ^-^Ji-oifttt^i^ (c^) tffl^-j^So 

*t«»L , COU-tfWtt-^i^ K S 9 -(6) , JdX 
-vy hM7)*^UT±eaiftlXte(«)-^ll3fefi8««*T' 
Jbo &0|3«CO«2R1X«9(8)(1±B5^^/^KS(9)k: 

19) o * R -0 ffi o m « 4 :5 *t 

«ilt»Cih*ATtt . «3toX«J(8)*if!l;t«*tt . . 
it^fc --s^-f id^KJer ft 

^^mi,mKfSim\^x}K^n'thif^n^WLt 

1/ -if »»« o ffl 7J - if o - ^ fll * W:«:^ & 
-f a-f^>f :5X|9:STft 4><>^;*l6^ei: .±821^ 

XR rcffi: o-cscffi b >t w :^ e - A t 
a^rax«&#cm*^:^a 1 5tc . ±fR-^y^-<Dm:f3 

4 - 1P W :^ Ift jg^i ^ ftOffli ^e: i Sr fli it ;t i © -c 

toft t o»ggrc*.it*i^-i^m^i9!J£m^«: 



(5) 



—502— 



(6) 



« n 3t ^ ^ -c ffiij ffil « n -c jb le - ■!»' 5S ffi e 

(7) 

T >5 1^ ^ IRIK (9) ©^ Sq St W ffl 

o0fis©§9^ . w;t«eM©3ifi3ft*8St»'JUt:m 2 
jftix -^A'© , a4fe©^a'^in&u-< A-© 2 b4 

^i-*o A N D ©i^cQttJigero©^-^ cc,). 
ccj) 5: a:d L-ce:nii55©?as«m^ CC5) *m 

X^^flfH^©© M , OFF tdGDtO N , OFF $|) 



»M¥ 1-95885(3) 
1^ - ^ fltt * 4 ft 56 U >t A. 4fe - If t ffl :0 

M-t&o at Httt^ -iri^a]«lft©«ja0-c«> 0 . 
HKJrv^t: . (n^-wttm 1 4 Hfc^-ti^tji^© % © 

-tHtrau<>©-ri>^o wiirf fiftffiS 

-(2)©tti:tll$?ftl^# Cc,)^:A:t>i-t*ANDl5l 
N D |§lllftQQ©m^>*<A';^«# CC3) ;»xJb851BUffil98t 

(BJ 

t©x-f ^^a(3)4^L.X U-if«fi6(4)'^A 

-Jf CAj) ©A:;jrcx 0J:geu-if%ffiS(4):d»e>ai 
Tj'sn;^ i^-ij'w 2 0 d fc^^^c: t < .±55 
AND m^^^(Dm:Jim^ tncmwi^i^ i^u^r 

^ o%(otimhfti^o c©je* , c©m:tF 
1^ -1fWtt-t©¥^^*^^ A'+'-tt/hTS < .if^^-^ 

tfcu-iJ';^ttipX<te(8)©^igirc^^ii&o ft^-m 
i ^1) IK (9) tt -t © ffi S4 «t ta x>j ea 5E 5 it X »p X 7- 
c^DX■^-7^/^c:^^t^asll«i^&t t icx 9 . 

± 85 fi :tH) X 1^ (8) d ^ lai iS KR (9) fC itt o -c 1^ «y £ o 
C©»« . . r ^^^r-'^^fosRft-© 



(9) 
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»P X rc « :f U' - If a: J^ A- 4: - :ftx flS 16 1 /Jn « ft a 3&P 

Cc,) ©a5(ft^'<-«'SrR«5« -fr-r A H D@0(ao 
j!R(9)o^iftSii^*iaxBjxi^(8)-^caffls t * * x 5 re 

. J:Be«^niX'«5(8)©C3fiU t 4 * 1: 5 |C , 
Cii) 

If -(2) Oft 9 *c » JbBBI^^fllRJK C9«) OSBBOia 
ffit % JSU L T i« iS O 2 fiS ft 9 « W ^ £ ^ ^ % «^ 

IC^C-C , ±gB5ti^«!tt-fe>'1>- C2a) ttm 701) 

A:05K^fc A:)!j«n*p t o a k d la'ttMoffi:^ 

ftfflrcx 0 . u-if»«fS(4)i;d*f>»7ad KS^-f 

(Di/-ifW<o^)feR^(«j^ J: 9 ;a»DX%;(8)«:m 7 
m 0 Kfri^^ t < . Jhie^^m/sfis CJ'a) o0fi»jo 

it 'bo 



«FBa¥ 1-95885(4) 
AS-a-fctt ,m40K:^L;^^ x/<-^anft^fA 

7t5i«i^jttt . A N DisiKfaooft OK . m 2 
4 5'^^®:a«t« 1 -f s'^^acsii e^uks 
fiEL . A#*5^l'--(2i©m»<ft««-9 cc,) t± 

ism t o^-f y f#at3)oiwiffiia^ csa) (c • 

'bo 

L7t9JIM«^©2:^ t |^«£(JiE(9)©ftO .-eo0 

<?! © 3S fiP — i« ^ O ^ ffi o a i 4 -t- 1^ ^ ® ^£ 
C^a) t . ^05©§9l«Offi3a;*»«iJi-Sjti^-b X 

C12) 

t A N D ®Bfra8©A:o?S-7-MK -i C 0jT< 

•fr-r ) t»AU-C . J:IBjfci^«ffi-fexif- C2a) 

om77«^ cc^) ©Ki5«-^* A K Dia»fte-^A 

^•Tictfcxo . a»nx%?(8)W:m s 0ic^b;t 

^©i^soiSJiR C9a) tmcamimi-mni^^^ 

L 7t 51 fO © H «5 — Si^J © ^ ffi © a * 

vi^nmm. (9a) ©ft o . ^©©la^xjifflffisr* 

•^l^jm/giK C9b) 4.J(Jl4&S«C»,«)0.2 
fKfi-ttttJ:0-t*i'i6^3Cffi-te>'l^- (2a) ©ftO 

jc±ej^iaiiRjR (9b) ©fiisuoftffios^oii* 
>; ^Tfcfft fill urm:^^* ^^sc^-fe 5^1^- (2b) 

T^b^^StiX^O ©2)0)0:901 ©Xt?©A73 

«»•?©— p?*c IX -if tB^JS9:3es»)©w:^fB# (A,) 



(13) 
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(14) 



7»i . <D A^im^ K±fi^it^&iiL-^ z^^- C2b) 
K ~ C3 o A ^ # © »n IS T «> & ± fi2 )!ra » S CO o 

y ^#Sl3)tc A^ ^ix . CO^ ^ S/f-^i!:(3)(fCT , 

ccj) K i 0 0 N , opp n-c±E ^-ir§g 
CIS) 

{z)^mm^ h^ tvct , i^*«m«E cEi^*r ) 

-■!fO 0 N , opp i«itt*cSlfirT* . m 8 fAKm 
^ SftjtSaat ^</u-x5g^Stt9(H!iC»AU-C .ifei^ 

91 % fHj ^ [8) » 3S: e> ix & o 

C5a) ^^Kfe^-aMICi 90e«*i.* K^ACIi . 



»M¥ 1-95885(5) 

, vir C2b) t 

-!^- C2b) offi:^^-^ cc,) tt . ±ERei©ftJ« 

mi 1 iattm8ia#c?j^L;t5iifif^*c3K<eiu?t«ij 

C2b) :0»C>OA:t»«-t;d«m3E©^r<>^J!SJlJ:-C#4« 
(18) 

e»^X«9(8)ttm 1 0»c^U;t$llSifnj©^#^l^ 
^^t^ 2 0 e fc^-:^c: t & . tTtiK^fc^^ x-j^ 

-(2)i A N D s^oQKfc < c s^-^-r ) 

ORIBffi-^fc±l2A N Diattft^JCASO-t^^t iJC 
X9 20 f fCig^i-c:^$ . ±SBI^1^MRE(9)K1 

Siife^JKldS'l^-C . "^nW^W. C9b) oafilOffiBa© 
S5 3 0fft8lllfC3fe^«ffi-fe (2b) iffli^ , 1 



C1T) 
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C18) 



(9b) 0|^iafO««Otf-«!Iffl-tei^1>--i UTtt± 
♦14 < , ±82I^«I1KJ5R C9a).C9b) i^i^mrt>n 

3t o 1/ - If iti :^ ;0t - if lEfi S o tt A A: 
CIS) 



1*BB^ 1-95885(6) 
it^-vti^n^m.o .m 90»tm B a^xc^m io 

<taA ^ «J » 

C20) 



• « ic^ J. g g g i j^ 1 5 ^ 
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4*Bfl* 1-95885(7) 



« 2 H 



b{ci) 



C(C2) 



I 



d(C3.A2,L) 





, 7zfM2zzzzzz^2zzz. 



« 3 19 




H 5 B 
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14 ^—7 ' 



V2 i8d 
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4IPB^F 1-95885(8) 
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«F§S¥ 1-95885(9) 




1*H¥ 1-95885(10) 
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1*Bfl¥ 1-95885(11) 
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b(ci) 
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